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Ayers, Dayna M. , M .S ., May 1995 Forestry
Response of Bitterbrush and Scouler's W illo w  to a Shelterwood Harvest and 
Prescribed Burn in Western Montana (37 pp.)
Committee Chair: Donald J. Bedunah
In western Montana, fire suppression and selective logging in ponderosa pine 
{Pinus ponderosa) stands have created environments conducive for the shade- 
tolerant species, Douglas-fir {Pseudotsuga menziesii). The resulting increase in tree 
density has caused a decrease in biomass and vigor of browse species, such as 
antelope bitterbrush {Purshia tridentata) and Scouler's w illow  (Salix scouleriana). 
These two species have been shown to respond favorably w ith increased growth 
after natural disturbances such as fire and windthrow. The objective of this study 
was to test the effectiveness of combining the silvicultural treatments of a prescribed 
burn and a shelterwood cut in enhancing the vigor and biomass of bitterbrush and 
w illo w  in the Lick Creek area of the Bitterroot Mountains, Montana, 1992-1994 .
On a 50 ha site, four treatments were applied: (1) a shelterwood cut in fall 
removing 53% of the tree basal area, (2) a shelterwood cut and a low consumption 
spring burn, (3) a shelterwood cut and a high consumption spring burn, and (4) a 
control. Prior to the application of treatments, 1856 bitterbrush and 871 w illo w  
were located and plant response and evidence of browsing were subsequently 
monitored for two years.
Bitterbrush responded most favorably to the logging (unburned) treatment, 
whereas w illo w  responded most favorably to the burn treatments. M ortality due to 
mechanical damage was 35% for bitterbrush and 13% for w illow . M ortality due to 
fire exposure was 72% for bitterbrush and 19% for w illow . Biomass of bitterbrush 
was highest in the logged treatment (1.7 kg/ha), whereas the biomass of w illo w  was 
highest in the high consumption burn treatment (2.5 kg/ha). Bitterbrush was utilized 
as browse by w ild  ungulates most heavily in the logged treatment (31 % of CAG), 
whereas w illo w  was most heavily browsed in the burn treatments (79% of CAG).
In areas where both w illo w  and bitterbrush occur, land and resource managers 
interested in enhancing browse quality need to consider the understory species 
composition and desired plant characteristics (density, percent cover, biomass, 
vigor, etc.) because of the species-specific response to these silvicultural treatments. 
Reducing the impacts of logging and prescribing low consumption burns could 
reduce plant mortality w hile  still triggering overall greater productivity of bitterbrush 
and w illow .
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INTRODUCTION
Throughout western Montana, over 80 years of extensive fire suppression have 
resulted in changes in stand structure and species composition of ponderosa pine 
{Pinus ponderosa) forests, creating environments conducive for shade-tolerant 
species, such as Douglas-fir {Pseudotsuga menziesii) (Larsen 1929, Arno 1976). 
Photographs taken in the early 1900's provide evidence that stands of ponderosa 
pine were historically more open, spatially patterned by both fire and tim ber harvest 
(Gruell et al. 1982). In these stands, antelope bitterbrush {Purshia tridentata) and 
Scouler's w illo w  (Sa//x scouleriana) were dominant browse species (Patterson et al. 
1985). These plant species are often browsed by large w ild  ungulates such as mule 
deer {Odocoileus hemionus) (W ilkins 1957), elk {Cervus elaphus) (Leege 1979,
Irwin and Peek 1983), bighorn sheep (Ov/s canadensis) (Welch et al. 1982), and 
moose (A/ces a/ces) (Pierce 1984).
Increasing densities of Douglas-fir have reduced the economic value of these stands 
for tim ber harvest (Arno 1991), as well as increased resource competition for 
understory species. This has resulted in a decrease in biomass and vigor of 
bitterbrush and w illo w  (Arno and Harrington 1990), thereby also reducing their 
value as browse for ungulates. Available biomass and vigor, a measure of 
productivity and reproductive fecundity, are indicators of browse quality 
(Rutherford 1979). These indicators have been documented to increase fo llow ing a
1
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shelterwood cut (McConnell and Smith 1970, Stuth and W in ward 1976, Edgerton 
1982) or a prescribed burn (Biswell 1973, Driver et al. 1980, Owens 1980, Oswald 
and Covington 1984, Bedunah et al. 1988, among others).
Silvicultural treatments are often surrogates for natural sources of disturbance, such 
as fire and w indthrow  which are important components in the life-history of many 
plant species. Bitterbrush tends to decline in density and vigor in areas lacking 
significant sources of disturbances (Sherman and Chi I cote 1972). Silvicultural 
treatments such as thinning (McConnell and Smith 1970, Stuth and W in ward 1976, 
Edgerton 1982) have been more effective than prescribed burning (Clark et al. 1982, 
Kituku et al. 1992, Cook et al. 1994) in enhancing the quality o f bitterbrush as 
browse. For w illow , however, fire has been documented to be most effective in 
enhancing vigorous regrowth (Mueggler 1965, Leege 1972,1979, Asherin 1973, 
Stickney 1986, Noste and Bushey 1987) as well as seed germination (Fischer and 
Bradley 1987).
The combined effects of timber harvesting and burning on survival, vigor and 
biomass, however, have not yet been examined for most browse species (Peek et al. 
1978, Gruell et al. 1982, Arno and Harrington 1990), including bitterbrush and 
w illo w . The objective o f this study is to test the effectiveness of combining a 
shelterwood cut and a prescribed burn to enhance vigor and biomass of bitterbrush 
and w illow . Specific study objectives are:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1) To determine the influence of logging and fire on vigor, biomass and 
survival o f bitterbrush and w illow .
2) To describe the effects of logging and fire on stand characteristics.
3) To determine the use patterns of w intering ungulates in treatment areas.
STUDY AREA
This research project was conducted on a 50 ha site of the Lick Creek Study Area 
(Lick CSA) on the Bitterroot National Forest in Ravalli County, Montana. The area is 
located 3 km north o f Lake Como and 15 km south of Hamilton, (See map in 
Appendix A). Elevation on the southeast-facing slopes averages 1,400 m. Mean 
annual precipitation is 56 cm/yr., w ith  approximately 50% as snow (Gruell et al. 
1982). November through March temperatures average -2 °C, and ranged from -28° 
to 12 °C during those months in 1993 and 1994. M id-May through mid-September 
temperatures average 20 °C, and ranged from -2° to 32 °C during those months in 
1993 (USES Intermountain Fire Laboratory 1995).
Stand entry for selective timber harvest has occurred several times over the last 90 
years in the Lick CSA. Removal o f ponderosa pine from the overstory has resulted in 
an increase of Douglas-fir (Arno 1991). Trees on the research site are prim arily 
even-aged, established after a 1906 clear cut (Gruell et al. 1982). Tree basal area
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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averages 28.0 m^/ha and radial growth of trees has slowed significantly over the last 
20 years as a result o f heavy stocking (Arno 1991). Habitat types (Pfister et al. 1977) 
vary across the site from Pseudotsuga mensiezii/Vaccinium caespitosum on toe 
slopes and benches to Pseudotsuga mensiezii/Symphoricarpos albus, Agropyron 
spicatum  phase on drier south-facing slopes. The Lick CSA is an important w inter 
range for white-tailed deer {Odocoileus virginianus), mule deer, Rocky Mountain 
elk, and moose. Since 1992, cattle grazing has been excluded from the Lick CSA.
METHODS
EXPERIMENTAL DESIGN
Applying a blocked experimental design, the site was divided into 12 equal-sized 
units of 4 ha each. Each unit was randomly assigned one of the fo llow ing four 
treatments: (1) a shelterwood cut, (2) a shelterwood cut and a high fuel 
consumption burn, (3) a shelterwood cut and a low  fuel consumption burn, and (4) 
a control. The shelterwood cut was completed in fall of 1992. Tree harvesting 
reduced the average basal area by 53% to 13.1 m^/ha. Number of trees per ha was 
reduced on average from 593 to 277. Prescribed burns were conducted in May 
1993 by personnel o f the Intermountain Fire Science Laboratory. (See Appendix B 
for a description of fire treatments).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
OBJECTIVE 1. Plant Response to Logging and Burning
Before application of treatments, 12, 400 (11.25 m radius) circular plots were
systematically located in each unit and permanently marked w ith  a steel spike, (See 
map in appendix C). In summer of 1992, I located 871 w illo w  plants and 1,856 
bitterbrush plants and recorded distance and azimuth from the center of each plot, 
plant height, diameter, and a rating of dead class based on 6 classes: [1] <  15% of 
plant dead, to [6] >85%  of plant dead.
Immediately after logging, plants were relocated to determine the degree of 
mechanical damage and fuel loading. Mechanical damage was assessed using 6 
classes: [0] no damage, to [5] plant removed/skid trail. Fuel loading was assessed 
using 5 classes: [0] no duff, bare mineral soil, to [4] added fuel or naturally heavy 
duff, > 1 0  cm deep. Following prescribed burning, plants were relocated during 
summer o f 1993 and 1994 to determine burn class, vigor and survival for each 
plant. Burn class was assessed using 5 classes: [0] no evidence of fire on plant, to [4] 
plant completely consumed by fire. Vigor was assessed similar to methodology 
employed by Buwai and Triica (1977) using 3 classes based on a proportion of 
current annual growth (CAG) meeting a m inimum tw ig length of ID cm (Lyon 
1968): [1] >67%  of CAG, [2] >33%  and <67%  of CAG, and [3] <33%  of CAG.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Before application o f the burns, I randomly selected w illo w  and bitterbrush plants in 
the proposed burn areas, permanently marked their location and measured duff 
depth and fuel loading, in classes of light natural fuel (=300 g/m^), heavy natural 
fuel (=700 g/m^), or added fuel (=1300 g/m^). (Fuel loading biomass is dry weight of 
all fuel < 8 cm in diameter clipped/gathered w ith in  a % m^ plot frame.) In 
September of both years, plants were relocated to determine survival and biomass. 
Biomass of CAG was determined using an ocular estimation technique (Rutherford 
1979), and converted to dry weight for analyses.
OBJECTIVE 2. Treatment Effects on Stand Characteristics
I described the quality of the site for w intering ungulates by measuring percent 
cover and biomass for major browse species, as well as density, mean 
biomass/plant, and vigor for bitterbrush and w illow . Percent cover of species was 
determined from 36, 33m^ quadrats for each treatment. I ocularly estimated biomass 
(kg/ha) of browse species from 9m^ quadrats (Basile and Hutchings 1966). Browse 
species included bitterbrush (Putr), w illo w  (Sasc), kinnikkinnik {Arcostaphylos uva- 
ursi) (Aruv), w ild  rose (Rosa gymnocarpa) (Rogy), snowberry {Symphoricarpos albus) 
(Syal), Oregon grape {Berberis repens) (Bere), and white spiraea [Spiraea betulifolia) 
(Spbe). Densities (plants/ha) of bitterbrush and w illo w  were determined using 
survival estimates. Mean biomass of plants excluded from browsing ungulates was 
determined by comparing caged to uncaged plants of each species and treatment.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Proportion of bitterbrush and w illo w  w ith in  each vigor class was determined from 
data collected for objective 1.
OBJECTIVE 3. Ungulate Utilization Patterns
I used two independent methods to determine the degree of browsing by ungulates 
on bitterbrush and w illow . (But see Appendix D for additional information on 
methodology). In fall o f the first year, I randomly selected 20 plants of each species 
on each treatment and paired plants w ith similar biomass. One plant o f each pair 
was caged w ith a 1.5 m high w ire cage. Differences in biomass for each pair were 
ocularly estimated in early summer of the second year after the application of the 
treatments to determine the quantity of browse removed. Also, frequency of 
browsing was assessed in spring of the second year by ocularly estimating the 
proportion o f twigs that showed some evidence of browsing (Smith and Urness 
1962, Jensen and Scotter 1977) on randomly selected plants w ith in  each treatment.
DATA ANALYSIS
I grouped plants into categories of burned and unburned according to the degree of 
fire exposure. I used logistic regression (Sokal and Rohlf 1995) to predict mortality 
for each group using the variables of height, diameter, dead class, mechanical 
damage, fuel loading and burn class, and correlating these w ith vigor using Kendall- 
tau non-parametric correlation analysis (Sokal and Rohlf 1995). Survival of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
numbered plants based on fuel loading was compared between burn treatments 
using a Chi-square analysis. Differences in biomass and browse utilization among 
treatments were analyzed using analysis of variance. Differences were considered 
significant at P<0.05 for all analyses.
RESULTS
OBJECTIVE 1: Plant Response to Logging and Burning
O f the independent variables tested, the degree of mechanical damage best 
explained mortality for bitterbrush and w illo w  plants not exposed to fire (Fig. 1 and 
Table 1).
100
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I  
5  60
*o
Îf  4 0
20
100
8 0
2
■S
S 6 0
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'o
5  4 0
Ë
20
None Slight Low Medium High Severe 
Mechanical Damage
None Slight Low Medium High Severe 
Mechanical Damage
Fig. 1 Survival of Scouler's w illo w  (.Salix scouleriana) and bitterbrush (Purshia tridentata) plants not 
exposed to fire, Lick CSA, 1994.
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Table 1. Significant variables explaining bitterbrush (Purshia tridentata) and Scouler's w illo w  
(Salix scouleriana) m ortality in Lick CSA, 1995.
Species Exposure #  Dead (n) Variab le ’
Variance
explained Significance
Bitterbrush Fire 4 5 9  (639) Burn class 72% X ^ = = 7 8 .3 d f= 3 p <  0.001
Fuel loading +  2% X^ =  24 .5  d f= 4 p <  0.001
Dead class +  2% X 2 - 2 0 . 3 d f - 5 p < 0 .0 1
Height + 1% X^ =  9 .2  d f =  1 p < 0 .0 1
N o fire 425  (1217) M ech. damage 91% X2 =  852  d f= 5  p <  0.001
W illo w Fire 65 (337) Burn class 84% X^ =  31.1 df =  3 p <  0.001
N o fire 68  (534) M ech. damage 90% X ^ -1 2 6  d f= 5 p <  0.001
and burn class.
Even though the shelterwood cut disturbed only 10% of the forest floor (Harrington, 
pers. comm., 1995), skidding explained 46% of bitterbrush mortality and 65% of 
w illo w  mortality. For w illo w  and bitterbrush exposed to fire, mortality was best 
explained by the degree of burn severity (Fig. 2). For bitterbrush, mortality was also 
explained by variations in fuel loading, dead class, and height (Table 1).
100
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Fig. 2. Survival of Scouler's w illo w  (Salix scouleriana) and bitterbrush (Purshia tridentata) plants by 
burn class for high and low consumption burn treatments, Lick CSA, 1994.
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I used a non-parametric regression analysis to determine the association of vigor 
w ith  height, diameter, dead class, mechanical damage, fuel loading, and burn class 
(Table 2). For both bitterbrush and w illo w  not exposed to fire, vigor was positively 
correlated w ith mechanical damage and negatively correlated w ith dead class 
(Table 2). For plants exposed to fire (bitterbrush, n = 180 and w illow , n = 272), no 
significant correlations were found between vigor and the set o f independent 
variables. (See Appendix F for frequencies of plants in each vigor class.)
Table 2. Correlation of bitterbrush {Purshia tridentata) and Scouler's w illo w  {Salix scouleriana) 
vigor w ith independent variables in Lick CSA, 1994.
Species’ n Variables^’^ Kendall t Significance
Bitterbrush 792 mechanical damage 0.23 p <  0.001
dead class -0 .10 p =  0.001
height -0 .09 p =  0.001
W illo w 4 66 mechanical damage 0 .39 p <  0.001
T— .
dead class -0 .0 7 p - 0 .0 5
 ̂Variables used w ere height, diameter, dead class, mechanical damage, fuel loading, and burn class. 
 ̂ Aiso see Appendix F for frequency tables.
I compared mortality o f the randomly selected w illo w  and bitterbrush plants using 
analysis of variance w ith  fuel loading and treatment as independent variables. In 
both years, w illo w  plants w ith  added fuel loading showed a higher degree of 
mortality in the high consumption burn than in the low consumption burn (G =4.5, 
d f= 1 , p<0 .05 ). In the second year fo llow ing burning, w illo w  plants w ith  an added 
fuel loading showed a greater degree of mortality than those w ith a heavy fuel 
oading in the low consumption burn (G =4.2 , d f=1  p< 0 .05 ) (Table 3). There were 
no w illo w  plants associated w ith light fuel loading.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In both 1993 and 1994, bitterbrush mortality was greatest for plants w ith added or 
heavy fuel loading, and was independent of burn treatment (G = 34.1, d f=  1,
P <  0.001, low  consumption burn; G = 8.2, d f=  1, P<0.01, high consumption burn). 
Bitterbrush w ith  a light fuel loading, however, showed significantly greater mortality 
in the high consumption burn than in the low consumption burn (G = 7.0, d f = 1, 
p < 0 .01 ) (Table 3).
Table 3. N um ber of surviving Scouler's w illo w  (Salix scouleriana) and bitterbrush (Purshia
tridentata) plants (no. total plants) for each fuel loading in the burn treatments for the Lick 
CSA, 1994.
Fuel Loading (W illow ) Fuel Loading (Bitterbrush)
Added Heavy Light’ Added Heavy Light
Low Consumption  
Burn 13(19)^' 17(18)'" n/a 1(16)'* 2(15)'' 15(16)®
High Consumption  
Burn 16(17)^": 14(16)^^ n/a 0(15)'' 3(16)'' 8 (14 )'
' W illo w  plants with a light fuel loading were not located.
 ̂M ortality is significantly different for different letters at P < 0 .0 5  using orthogonal comparisons for each species.
I tested for differences in biomass of randomly selected bitterbrush and w illo w  using 
a m ultip le analysis of variance w ith fuel loading and treatment as independent 
variables. Fuel loading did not significantly influence biomass for bitterbrush 
(P = 0.27) or w illo w  (P = 0.B4). After one growing season, mean biomass of 
bitterbrush in the high consumption burn was significantly lower than for other 
treatments (F = 4.8, d f=  1, P<0.05). However, in the second year after treatment, 
mean biomass of bitterbrush increased in the logging treatment, resulting in a 
significant difference among treatments (F = 6.1, d f=  3, P = 0.001) (Fig. 3).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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10a
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□ 1993□ 1994
' sample size
Control Logging Low Burn High Burn
Fig. 3. Mean biomass (g) + 1 SE of bitterbrush {Purshia tridentata), for 
each treatment in Lick CSA, 1994.
In the first growing season after treatments, mean biomass o f w illo w  was 
significantly lower in the control (F = 8.5, d f= 1 , P<0.01) and logging treatments 
(F = 4.7, d f= 1 , P<0.05) than in the burn treatments. In the second year, however, 
the only significant difference in biomass was observed between the low and high 
consumption burns (F = 5.9, df = 1, P<0.05) (fig. 4). There was an increase in 
biomass in the control and logging treatments in the second year after treatment 
(F = 3.1, d f= 3 , P<0.05).
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Fig. 4. Mean biomass (g) +1 SE of Scouler's w illo w  {Salix scouleriana), for 
each treatment in Lick CSA, 1994.
OBJECTIVE 2: Treatment Effects on Stand Characteristics
To assess effects of treatments on a stand level, I characterized each treatment by 
percent cover, biomass (kg/ha), density (plants/ha), and vigor of selected plant 
species. Application o f treatments resulted in some plant mortality (Fig. 5). Overall, 
I found a significant increase in available biomass (g/plant) of bitterbrush (F = 3.43, 
d f= 3 , P<0.05) and w illo w  (F=4.7, d f= 3 , P<0.01) in the logging and burn 
treatments compared to the control (Tables 4 and 5). There was, however, a 
significant decrease in percent cover and density of these plants in all treatments 
compared to the control (P<0.05).
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Fig 5 Survival of bitterbrush (Purshia tridentata) and Scouler's w illo w  (Salix scouleriana) plants in 
1994 following treatments in Lick CSA.
Mean biomass of unbrowsed (caged) w illo w  plants in the high consumption burn 
was significantly higher than in other treatments (F = 4.7, P<0.01) (Table 4). Mean 
biomass for browsed and un browsed bitterbrush was significantly higher, in the 
logging treatment than in other treatments (F = 3.4, P<0.05) (Table 5).
Table 4. Site characteristics for Scouler's w illo w  (Salix scouleriana) by type of treatment in Lick 
CSA, 1994. Changes in % cover and density is relative to pre-treatment conditions.
M ean Biomass (g/plant) Plants in high
A (% Cover) A (Plants/ha)^ browsed unbrowsed vigor class^
C O N T R O L -1%  (0.8) -3%  (153) 10.3 +  3.8 9 .9  ± 2 .9 15%
L O G G IN G -33%  (0.2) -14%  (146) 1 3 .7 ± 3 .4 11.8 ±  1.5 60%
L O W  BURN -62%  (0.3) -22%  (124) 5.5 ± 0 .7 1 0 .6 ± 2 .6 71%
H IG H  BU RN
I ^  r -
-58%  (0.5) -26%  (91) 1 3 .7 ± 3 .1 22.1 ± 3 .2 69%
See Appendix F.
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There was an increase in vigor of bitterbrush (F = 215, P < 0.001) and w illo w  plants 
in the burn and logging treatments (P<0.05). Increases in vigor were greater in the 
burn than in the logging treatments for both bitterbrush (F= 11.8, P = 0.001) and 
w illo w  (P<0.05).
Table 5. Site characteristics for bitterbrush (Purshia tridentata) by type of treatment in Lick CSA, 
1994 . Changes in % cover and density is relative to pre-treatment conditions.
M ean Biomass (g/plant) Plants in high
A (7a Cover) A (Plants/ha)’ browsed unbrowsed vigor class^
C O N T R O L -2%  (0.7) -47a (198) 2.9±0.5 2.7+ 0.7 28%
L O G G IN G -75 7o (0.3) -35%  (185) 6.7 + 1.0 7.9+ 1.6 70%
L O W  BURN -83% (0.1) -62% (120) 2.5±0.3 4 .4  ±  0.5 88%
H IG H  BU RN -92%  (0.1) -697o (165) 3.1 ±0.7 5.2+ 1.5 787a
See Appendix E. 
 ̂ See Appendix F.
I also measured total percent cover and biomass in each treatment. Percent cover 
and biomass significantly decreased in the logging and burn treatments relative to 
the control (F = 9.86, P<0.01) (Table 6).
Table 6. Percent cover and biomass (kg/ha) of browse species present in each treatment. Lick CSA, 
1994.
H IG H  BURN L O W  BURN L O G G IN G C O N T R O L
Species' % Cover Biomass 7o Cover Biomass % Cover Biomass % Cover Biomass
Aruv 0 .6 3.7 3.5 22.2 6.7 50 .8 7.3 76.8
Bere 1.7 2.2 1.6 3.3 2.6 4 .0 2.1 5 .0
Putr 0.1 0.1 0.1 0 .3 0 .3 0 .6 0 .7 0 .6
Rogy 0 .6 0 .4 0 .6 0 .4 1.1 1.9 1.0 0 .6
Sasc 0 .5 1.2 0 .3 1.7 0.2 0 .8 0 .8 1.0
Spbe 1.1 0 .8 3.5 2 .0 3 .7 2.2 3.6 2 .6
Syal 3.6 2 .0 1.4 1.2 3.5 2.6 5.0 1.1
TO TA L 8.2 10.4 11.0 31.1 18.1 6 2 .9 20.5 8 7 .7
See nomenclature in text, p. 6.
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OBJECTIVE 3: Ungulate Utilization Patterns
I tested for differences in frequency of browse utilization by ungulates by comparing 
mean proportions (arcsin-square root transformation) o f browsed twigs/plant among 
treatments using analysis o f variance. (Table 7). I found a significantly higher use of 
bitterbrush in the logging and control treatments than in the burn treatments 
(F = 3.8, P<0.05). Relative to other treatments, use of w illo w  was highest in the 
burn treatments (F= 28.2, P< 0.001).
Table 7. Treatm ent comparisons for browse utilization by w intering ungulates in Lick CSA, 1994 of 
bitterbrush (Purshia tridentata) and Scouler's w illo w  (Salix scouleriana).
Bitterbrush W illo w
% twigs' Biomass (g)'' % twigs' Biomass (g)"̂
C O N T R O L 34% 1.1 ± 0 .5 22% 3 .4 ± 1 .8
L O G G IN G 31% 3 .1 ± 1 .2 16% 4 .0 ± 1 .3
L O W  BURN 17% 2.3 +  0 .7 84% 5.2  +  1.6
H IG H  BU RN  
—r . . —
n/a^ 2.3 +  0 .7 74% 15.9  +  3.3
^ Biomass(g)± 1 SE is from plants paired with caged plants.
 ̂ Plants in the low burn and high burn treatments were combined due to small sample size (n = 12).
To assess quantity of browse utilized, I compared mean biomass (log transformed) 
browsed from uncaged plants among treatments. For bitterbrush, I found no 
significant differences in use among treatments (P = 0.4). For w illo w  however, 
significantly more biomass was utilized in the high consumption burn treatments 
than in other treatments (F = 3.92, P = 0.05).
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DISCUSSION
Results of this research document the response of browse species to logging and 
burning and subsequent browsing by w intering ungulates on a western Montana 
w inter range. Both total biomass and percent cover declined in all treatments 
relative to the control. However, these declines may not necessarily be indicative of 
the potential response of plants to these treatments. Over time, productivity and 
percent cover of these species may increase as a result o f the reduced competition 
w ith  the overstory for sunlight and nutrients.
Plant Response to Logging and Burning
The response of bitterbrush and w illo w  to logging and burning treatments was 
assessed by measuring mortality, biomass and vigor. The 35% mortality of 
bitterbrush caused by stand entry for the shelterwood cut was considerably less than 
the 72% reported by Edgerton (1982) in a study in central Oregon, Tree basal area 
of lodgepole pine in this study was reduced by 78%, greater than the 53% removed 
from this research site. Additionally, skid trails in Lick CSA disturbed only 10% of 
the ground compared to 46% in the shelterwood cut o f lodgepole pine (Edgerton 
1982).
The 13% mortality o f w illo w  due to skidding was low compared to that of 
bitterbrush. Morphology of w illo w  plants differs considerably from bitterbrush in
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that it has a deeper root system and is multi-stemmed, and is therefore more tolerant 
to disturbance. This may explain differences in proportions of plants that were 
disturbed by skidding (mechanical damage rating =5). O nly 7% of w illo w  plants 
were disturbed, compared to 22% of bitterbrush. Also, w illo w  often resprouts after 
surface disturbance from a subterranean root crown (Lyon 1966), but bitterbrush can 
only resprout from a surface caudex (Guinta et al. 1978), which is more easily 
removed by disturbance. O f plants that were subjected to skidding, 20% of w illo w  
resprouted, compared to only 4% of bitterbrush.
For both species, mortality from logging was offset by an overall increase in 
biomass and vigor of surviving plants. (See Appendices F and G). W illow  increased 
in both biomass and vigor in the logging treatment relative to the control, although 
these increases were not as great as in the burn treatments. For bitterbrush, 
however, reduction in overstory competition resulted in a substantial increase in 
lateral and terminal growth of bitterbrush twigs. This is consistent w ith other 
research findings that reported an increase in current annual growth fo llow ing 
logging for up to 7 years after overstory removal (McConnell and Smith 1970, Stuth 
and W inward 1976, Edgerton 1982). In this study, increases in lateral and terminal 
growth of bitterbrush twigs was reflected in an increase in vigor. Overall, these 
changes in biomass and vigor of bitterbrush and w illo w  document a positive 
response to overstory reduction on a stand level, despite the significant degree of 
mortality.
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Bitterbrush and w illo w  responded differently to the burn treatments. The 72% 
mortality of bitterbrush recorded in the second year fo llow ing the burn treatments 
was high, but was less than the 90% mortality reported by Clark et al. (1982) after a 
prescribed burn in a ponderosa pine stand in central Oregon. Other studies 
conducted in shrubland habitats reported mortality ranging from 30-100% (Blaisdell 
and Mueggler 1956, Kituku et al. 1992, Cook et al. 1994). Bitterbrush mortality was 
estimated at 81%, in the summer fo llow ing the burn. However, bitterbrush plants 
have been reported to resprout as late as 13 months after a burn (Blaisdell and 
Mueggler 1956). In the second year after treatment, 57 of 459 plants (12%) that 
were originally classified as dead, had resprouted.
The ab ility  of some bitterbrush to resprout fo llow ing a burn may be explained by 
factors such as variation in fire prescription (Blaisdell and Mueggler 1956, Buwai 
and Triica 1977, Driver et al. 1980), abiotic conditions (Driscoll 1963, Adams 1980, 
Hobbs and Schimel 1984), and plant phenology (Menke and Triica 1981). For 
example, a spring burn tends to enhance sprouting (Blaisdell and Mueggler 1956, 
Adams 1980, Driver et al. 1980, Martin and Driver 1983), and reduce mortality 
(W right et al. 1979), whereas a fall burn favors plant regeneration by seed (Fischer 
and Bradley 1987). It appears, however, that plant phenology explains most of the 
variation reported in the literature. Bitterbrush response to fire varies as a function 
of the ecotype. The recumbent ecotype can sprout after fire (Blaisdell and Mueggler 
1956, Driscoll 1963, W right et al. 1979), whereas the columnar ecotype is a non­
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sprouter, relying prim arily on seedling regeneration from on- and off-site seeds 
(W right et al. 1979, Noste and Bushey 1987). For this research, the combination of 
a spring burn, heavy summer precipitation (18.5 cm, June through August) and cool 
summer temperatures (aver, daily temp, of 14° C) fo llow ing the burn were favorable 
conditions for bitterbrush to resprout (Driscoll 1963, Nord 1965, Ferguson 1972). 
However, resprouting was low, because the majority o f bitterbrush on the site 
belonged to the columnar, non-sprouting ecotype.
As expected, fuel loading strongly influenced plant mortality by affecting fire 
intensity (Adams 1980). Driver et al. (1980) reported that 40-100% of bitterbrush 
w ith  light fuel loadings resprouted fo llow ing a burn, but no resprouting occurred for 
bitterbrush w ith heavy or added fuel loadings. Also, fuel loading has a higher 
correlation w ith mortality than productivity (Driscoll 1963), which is consistent w ith 
my results showing a significant effect of higher fuel loadings on mortality but not 
on vigor.
Although fire causes high mortality in bitterbrush, it also creates litter-free sites for 
seed germination from rodent caches (Clark et al. 1982). These caches were a 
significant seed source for the establishment of bitterbrush in a ponderosa pine 
forest in central Oregon (Sherman and Chilcote 1972). Germination from seed 
caches may also be important in Lick CSA, as well. However, I only found 8
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bitterbrush seedlings during my observations in two years fo llow ing the burn 
applications. Additional research may show if seedling establishment increases over 
time.
For bitterbrush plants in the burn treatments surviving fire, both vigor and biomass 
o f plants increased relative to those in the control, especially in the second year 
fo llow ing the burn. The delayed increase in growth may be related to increases in 
inorganic N fo llow ing fire (Hobbs and Schimel 1984). Current annual growth of 
bitterbrush, one and two years after the burn, was higher for plants in the burn 
treatments than for plants in the unburned treatments. However, over time, this 
productivity may decline (Demarchi and Lofts 1985, Cook et al. 1994). Future 
research on this site may provide more information on the variations and factors 
influencing productivity.
M orta lity o f w illo w  due to burning was low  (19%). Vigorous resprouting of w illo w  
fo llow ing burning is consistent w ith other findings (Leege and Hickey 1971, Leege 
1972, 1979). W illo w  has been reported to increase in both biomass and vigor by as 
much as 100% after a burn (Noste and Bushey 1987, Leege 1969, Mueggler 1965). 
W illo w  is a serai species, colonizing rapidly after fire, and has been reported to 
increase in productivity over 10 years fo llow ing a burn (Stickney 1986). The 
vigorous regrowth o f w illo w  and the high mortality o f bitterbrush suggest that
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prescribed fire as a silvicultural practice is more effective in increasing biomass and 
vigor for w illo w  than for bitterbrush.
Overall, I conclude that despite some mortality from overstory removal and the 
burn, surviving w illo w  and bitterbrush showed a positive increase in biomass and 
vigor fo llow ing treatments. In the logging treatment, bitterbrush survival, vigor, and 
biomass were high. In the burn treatments, I observed a substantial increase in 
biomass and vigor, as well as a low mortality rate for w illow .
Ungulate Utilization Patterns
Elk, moose and mule deer were seen on the study site throughout the year. 
Bitterbrush was utilized extensively in the logging treatment by these ungulates, 
whereas w illo w  was browsed most heavily in the burn treatments. Heavy browsing 
o f w illo w  occurred during summer Immediately after burning; a pattern also 
reported in other studies (Canon et al. 1987, M ick Harrington, pers. comm. 1995). 
For w illo w  that was heavily browsed, regrowth was stunted due to extensive 
removal o f biomass above the root crown. Regression analysis of tw ig diameters 
(Smith and Urness 1962) suggests that many sprouts may have been 1.5 m in length 
before browsing. The heavy browsing before initial reference measurements 
probably resulted in an underestimation o f intensity of browse utilization in the 
burn treatments.
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For bitterbrush, browsing intensity was not strongly related to type of treatment. 
However, the overall higher available biomass of bitterbrush in the logging 
treatment received a higher frequency of browsing. Long-term assessments of 
bitterbrush use by ungulates, however, may reveal changes in both utilization 
patterns and plant productivity (Ferguson 1968, McConnell and Smith 1977).
Tueller and Tower (1979) found a 70% decrease in bitterbrush productivity in the 
absence of browsing as early as two years after caging of plants. Peek et al. (1978) 
found that bitterbrush in ponderosa pine in Idaho maintained higher vigor 
(measured by tw ig production) when browsed by w ild  ungulates than plants in 
exclosures. However, Buwai and Triica (1977) found a decrease in vigor, biomass, 
and total nonstructural carbohydrates on all shrubs, including bitterbrush, subject to 
grazing by ungulates, in a study of shrub-grasslands in northern Colorado.
Higher utilization o f browse in the burned treatments of both species relative to the 
control, is probably associated w ith increases in nutritional quality. The nutritional 
quality o f CAG generally increases after burning for many browse species (Stark and 
Steele 1977, Stark 1980). Kituku et al. (1992) reported that nutritional value of post­
burn bitterbrush sprouts was higher relative to the control, as indicated by N, P, ash, 
and IVDM  (in vitro digestible matter). In northern Idaho, w illow  subjected to fire 
showed an increase in nutrient content over two years fo llow ing a burn (Leege 
1972). Asherin (1973) also observed increases in w illo w  digestibility, moisture, 
crude protein, fat and phosphorous after burning. However, Canon et al. (1987)
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have shown that w illo w  did not differ significantly in crude protein or IVDM 
contents between burned and non-burned sites.
MANAGEMENT IMPLICATIONS
Overall, bitterbrush on the shelterwood cut improved in vigor and productivity and 
was most heavily used by wintering ungulates. W illow , on the other hand, 
responded most favorably to burning, w ith increases in biomass and vigor and low 
mortality. Evidence of browsing indicated that ungulates preferred w illo w  in these 
areas over w illo w  in non-burned sites. Because of bitterbrush and w illo w  responded 
differently to the treatments, it is evident that plant response to these silvicultural 
prescriptions on a stand level is species-specific.
In areas where both w illo w  and bitterbrush occur, land and resource managers 
interested in enhancing browse quality need to consider understory species 
composition and desired plant characteristics {density, biomass, vigor, etc.) before 
applying treatments. Reducing the impacts o f logging and prescribing low 
consumption burns could reduce plant mortality while still triggering overall greater 
productivity o f bitterbrush and w illow .
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Appendix B: Burn Treatments
Due to weather patterns, prescriptions overlapped for the two burns. Overall, duff 
consumption and actual burn application did not differ significantly between burns. 
Duff consumption did not differ significantly between treatments for bitterbrush 
(P>0.9). However, duff consumption as measured on individually marked w illo w  
plants {n=  69) significantly differed (F= 15.57, P< 0.001) between the low 
consumption burn (x = 70% ) and the high consumption burn (x = 91%). On the 
high consumption units, an average of 43% of the area received a heavy burn, 
removing all the duff. Thirteen percent received a light burn, leaving some duff 
remaining, and the remaining 44% was left unburned. The light consumption fire 
burned 14% of the area w ith a light burn, 50% w ith a heavy burn, and 36% 
remained unburned. There was not a significant difference in burn patterns between 
these areas.
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Lick Creek Study Area 
50 hectare block CT- control
NB- no burn, logging
HC- high consumption burn
LC* low consumption burn
10 (CT)
1 (LC)
12 (CT)
3 (NB) 4 (HC)11 (CT) 5 (LC)
2 (NB)
8 (NB)
6 (HC)7 (HC)
9 (LC)
1/25 ha plot
plot
4 ha unit
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Appendix D: Browse Utilization
1 also looked at browsing utilization by measuring tw ig lengths on 120 bitterbrush 
and 88 w illo w  plants throughout the treatments during fall fo llow ing the burns. 
During spring, after snowmelt, I relocated the twigs and remeasured their lengths. 
Comparisons of proportions of tw ig removed were made among treatments by using 
analysis of variance.
There was no significant difference among treatments for bitterbrush (P = 0.53) or 
w illo w  (P = 0.17). Due to the heavy browsing during summer, few w illo w  twigs 
were available for measuring in the burn units. Over 97% of w illo w  twigs that had 
evidence of browsing in fall of 1993, were not browsed over winter. Also, due to 
high m ortality and low sprouting, few bitterbrush twigs were available in the burn 
units as w ell. Because of these potential sampling biases, results are not conclusive.
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Appendix E: Survival by Treatment
N um ber of surviving bitterbrush (Purshia tridentata) in the 0 .1 0  acre perm anently established sub­
plots, pre-treatment and 1 and 2 yrs. post treatments, Lick CSA, 1992-1994 .
TREATMENT 1992 1993 1994 % loss
control 300 299 295 2 %
logging 389 304 265 32%
low burn 429 155 170 60%
high burn 785 236 239 70%
N um ber of surviving Scouler's w illo w  (Salix scouleriana) in the 0 .1 0  acre permanently established 
sub-plots, pre-treatment and 1 and 2 yrs. post treatments, Lick CSA, 1992-1994 .
TREATMENT________ 1992___________ 1993____________1994______________% loss________
control 227 223 221 3%
logging 250 228 212 15%
low burn 232 177 180 22%
high burn 184 135 129 30%
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Appendix F: Plant Vigor
Proportion of bitterbrush (Purshia tridentata) and Scouler's w illo w  (Salix scouleriana) plants in
0 .1 0  acre perm anently established sub- plots in each vigor class in Lick CSA, 1994.
BITTERBRUSH W ILLO W
TREATMENT H IG H M E D IU M LOW HIGH1 M E D IU M LO W
Control 33% 51% 16% 15% 62% 23%
Logging 95% 4% 1% 60% 28% 11%
Low burn 99% 0% 1% 71% 22% 6%
High bum 82% 14% 4% 69% 23% 8%
Frequency of bitterbrush (Purshia tridentata) and Scouler's w illo w  (Salix scouleriana) plants in
m echanical damage class by vigor class in Lick CSA, 1994.
BITTERBRUSH W ILLO W
Mechanical Damage LO W M E D IU M H IG H LO W M E D IU M H IG H
None 92 233 316 67 187 98
Slight 9 12 95 12 23 85
Low 7 15 82 8 18 89
Medium 3 3 44 1 20 50
High 1 4 11 6 12 33
Severe 7 4 34 2 5 22
Frequency of bitterbrush (Purshia tridentata) and Scouler's w illo w  (Salix scouleriana) plants in
burn class by vigor class in Lick CSA, 1994.
BITTERBRUSH W ILLO W
Bum Class LO W M E D IU M H IG H LO W M E D IU M H IG H
None 107 265 420 78 202 186
Low n 3 96 0 8 14
Medium 0 1 38 2 10 50
High 1 1 20 16 43 124
Severe 0 1 8 0 2 3
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Appendix G: Biomass(g)/ha
By averaging the different plant densities in each treatment, a relative estimate of 
biomass per hectare can be compared. Bitterbrush density averaged 335 plants/ha 
and w illo w  density averaged 152 plants/ha across all treatments, before logging and 
burning. Given the mortality rate for each treatment as recorded in Appendix E and 
the average amount of biomass (unbrowsed plants), the fo llow ing table was 
generated.
T reatment
BITTERBRUSH W IL L O W
plants/ha mean biomass biomass/ha plants/ha mean biomass biomass/ha
Control 322 2 .7 869 147 9 .9 1455
Logging 218 7.9 1722 131 11.8 1546
Low Burn 127 4 .4 559 119 10.6 1261
High Burn 104 5.2 541 113 22.1 2 49 7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
